INTRODUCTION
Laser generation and detection of ultrasound has the obvious advantage of requiring no mechanical contact with the materials under investigation. Detection systems based on confocal Fabry-Perot interferometers can be used on surfaces that are rough, moving, and at elevated temperatures. This work describes the use of a laser-ultrasonic system for investigation of surface acoustic waves (SAWs) in composite Iaminates. SAWs in thick samples, also called Rayleigh waves, have displacement components both parallel and perpendicular to the surface. These components decay exponentially with distance from the surface, thus the wave motion is confined to a layer with thickness equal to about one wavelength. Because the wave propagation is mainly dependent upon material properties (including defects) near the surface, SAWs are an excellent tool for testing materials near the surface. Lamb waves are the Counterparts of Rayleigh waves in thin samples with two free surfaces. A detailed discussion of Rayleigh and Lamb waves can be found in the treatise by Viktorov [1] .
Fecko et al. [2, 3] have investigated the velocity of Lamb waves in unidirectional graphite/polymer composites as a possible method for on-line sensing of sample porosity in a thermoplastic composite manufacturing process. They found an approximately linear decrease of Lamb wave velocity with the fractional porosity in composite rods produced by a pultrusion process. The measurements were made using rolling-contact transducers in contact with material as it was drawn through the die. We are extending this study using non-contact laser ultrasonics transduction.
Our goal in this study is to develop understanding of interactions between defects in the surface layer of composite Iaminates and the propagation of SAWs and eventually to use the properties of SAWs, such as velocity and attenuation, for det ection of void content and other defects in composite laminates.
EXPERIMENTAL
The experimental setup is shown in Fig. 1 . A Q-switched Nd:YAG laser is used for generation of the ultrasonic signal. The laser provides 5 ns (half-height) pulses of 1064 nm radiation at rates up to 20Hz. A 200 mW cw Nd:YAG laser operating at 532 nm is used in conjunction with a confocal Fabry-Perot interferometer for detection of the ultrasonic wave. The generation beam is directed toward the sample by two mirrors and focused into a 0.5 mm by 6 mm line image by a cylindrical lens. When the detection beam is reflected by the vibrating surface of the sample, its frequency is shifted due to Doppler effect. The frequency shifted beam is then picked up by a Fabry-Perot interferometer Operating in reflection mode. A filter is place in front of the signal detector to filter out the strong infrared background introduced by the generation laser. RESULTS AND DISGUSSIONS Figure 2 shows a Lamb wave detected in a four-ply unidirectional graphite/polymer laminate. The thickness of the sample was 0.55 mm. The waveform is dispersive, with high frequency components arriving first and low frequency components lagging behind. The velocity of Lamb waves propagating along different directions in the unidirectional sample was measured and anisotropic behavior was found, as shown in Fig 3. The velocity varied between 1.4 km/s when the propagation was perpendicular to the fiber orientation to 2.3 km/s when the propagationwas parallel to the fiber orientation. Previous work [3] showed that the velocityof Lambwaves in pultruded rods decreased as the amount of void content increased. In order to extend the study using lasers for both generation and detection, accurate measurements of the velocity of Lamb waves are required. The waveform shown in Fig 2 is dispersive, with a wide range of spectral content due to generation by a short pulse focussed on the sample as a single line source. In order to facilitate data interpretation we need to reduce the bandwidth of the ultrasound generated. Other groups have shown the benefits of using multiple sources (4, 5, 6] . We are currently experimenting with various generation configurations, including interfering beams and multiple sources obtained by passing portions of the laser output through fiber-optic delay lines. Such techniques have the potential of narrowing the range of wavelengths and/or frequencies present in the surface wave generated by the configuration. This will aid in the interpretation of observed signals and facilitate the determination of the wave velocities.
CONCLUSIONS
Lamb waves and Rayleigh waves were generated by using a pulsed high power Nd:YAG laser and detected using a cw Nd:YAG laser in conjunction with a Fabry-Perot interferometer. The measured velocity of Lamb waves in a four-ply unidirectional Graphite/Polymer laminates varied between 1.4 km/s and 2.3 km/s.
The measured velocity of Lamb waves in a cross-ply sample, (1.44 ± 0.05) km/s, showed no strong anisotropy. Ongoing improvements in the system are expected to aid in the generation of SAWs with well-defined wavelengths and/or frequencies.
